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Why did the apicomplexans evolve
new plastid division machinery and
dispense with the old system that had
served well for all other plastid-
containing organisms? The answer
might lie in the extraordinary form of
cell division, known as schizogeny,
common to apicomplexans.
Schizogeny involves multiple rounds of
mitosis without cytokinesis to produce
a multinucleate, unicellular schizont
that then undergoes an unusual
cytokinesis to produce numerous
daughter cells, as many as 10,000
in extreme cases [10]. When the
apicoplast was first visualised during
schizogeny [11], it was found to go
through a remarkable branched and
reticulate stage not previously seen in
plastids of any other organism, which
typically divide by binary fission like
their bacterial ancestors. Could the
new system of DrpA-mediated
cleavage have arisen in conjunction
with this bizarre form of plastid division
during schizogeny? Apicoplast
scission is a fast-paced, highly
synchronistic event and visualisation
of this phase is rare (Figure 1).
Perhaps a key factor underlying the
incorporation of host Drps into the
organelle division machinery was
the coupling of Drp activation and the
expression of cell-cycle-dependent
factors, thus swinging the balance of
division control toward the host.
Perhaps, also, the time-honoured
system of binary fission orchestrated
by FtsZ and the Min proteins was no
longer suited to the production of
thousands of infectious parasite
schizonts. The division of mitochondria
[12], primary plastids [8] and secondary
plastids [13] show that the expression
of division proteins is tied closely to
daughter cell formation. Controlling the
division of the red algal endosymbiont
was key to the establishment of the
apicoplast and probably its unusual
division mode in parasite schizogeny.
It remains to be seen what other
proteins are responsible for the
concurrent fission of the four
apicoplast-bounding membranes.
Are membrane-anchored proteins
involved and is there sequential
division of plastid membranes, as
observed in the secondary plastids
of the diatom Phaeodactylum
tricornutum [14]?
The dynamins TgDrpA and TgDrpB
are essential, and their co-option to
organelle biogenesis were key
innovations for the parasitic lifestyle
of apicomplexans. More Drp genes
exist in Apicomplexa and we look
forward to learning what their roles are.
We are also avidly following the search
for the ultimate origins of the highly
adaptable dynamins, which would
appear to derive from prokaryotic
ancestors [15]. Just as tubulin derives
from FtsZ, dynamins might also be
a little piece of technology that
eukaryotes stole from prokaryotes.
Ironically, it now appears that parasitic
eukaryotes have not only used this
technology against their hosts to
generate an invasive apparatus but also
enlisted it to control their prokaryotic
endosymbionts, the apicoplasts.
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Recent work shows that global motion sensitivity, a property of extrastriate
cortex, can be altered by early visual deprivation, while binocularity, a property
of primary visual cortex, is still plastic. This contradicts the hypothesis that
critical periods end later at higher levels of the system.
Nigel W. Daw
There are critical periods for
development of the nervous system.
These have been best illustrated by
observations on the visual system,
where optical or motor problems
affecting vision lead to compensatory
changes in the connections and
physiology of the visual cortex before
the age of eight or so, but not after
that. The critical period depends on
the form of the optical or motor
problem, the level of the visual
system being studied, the technique
used to study the problem, and the
previous visual history of the animal
[1]. Two recent papers, one in this
issue of Current Biology by Mitchell
et al. [2] working with cats, and the
Dispatch
R337other by Ellemberg et al. [3] working
with human patients, provide some
interesting new insights into these
questions.
Mitchell et al. [2] tested the
effects of several types of visual
deprivation — monocular deprivation,
binocular deprivation and dark
rearing—on the ability of cats to detect
a pair of gratings moving in opposite
directions near each other, compared
to their ability to detect the direction
of movement of a number of dots
embedded in a larger number of dots
moving in other directions. The former
is a test of simple motion sensitivity,
believed to be a function of primary
visual cortex, and the latter is a test
of global motion sensitivity, believed
to be a function of areas outside
primary visual cortex.
The fascinating result of these
experiments is that global motion
sensitivity is deficient in both eyes of
binocularly deprived animals, and to
a lesser extent in both eyes of dark
reared animals, but is almost normal
in both eyes of monucularly deprived
animals, after these animals have
been given treatment for their
condition, so that the acuity in their
deprived eye has partially recovered.
Previous work by a number of
authors, starting with Wiesel and
Hubel [4], has shown that monucular
deprivation leads to very poor vision
in the deprived eye, affecting all
aspects of vision in that eye, whereas
binocular deprivation leads to poor
vision in both eyes. They were
working on primary visual cortex,
and noted that the behaviour of their
animals could not be totally explained
by what they found in primary visual
cortex, so that there must be other
deficits in visual cortex outside the
primary areas, but they chose to
pursue other subjects.
The new results of Mitchell et al. [2] in
cats build on results from patients with
cataracts [3]. Patients with monocular
cataracts have always had a much
poorer chance of recovery after
treatment than patients with binocular
cataracts. But what the eye care
practitioner measures, and means by
recovery, is acuity, and not other
aspects of vision. Motion sensitivity is
rarely considered. Ellemberg et al. [3]
found that motion sensitivity is normal
in both eyes of patients with
a monocular cataract, just as in the
monucular deprivation cats, and they
comment that this is the first aspectof vision which has been shown to be
as good in the cataractous eye as in
the normal eye.
The hypothesis that comes out of
both these sets of experiments is that
the non-deprived eye in monocular
deprivation patients and animals,
being normal, allows normal
development of motion areas outside
primary visual cortex, and that when
the deprived eye recovers, it can
access these motion areas to give
normal motion sensitivity, whereas
the motion areas in binocular
deprivation or dark rearing patients or
animals do not develop properly,
because they do not get normal input
from either eye (Figure 1). It is known
that there are significant effects in
extrastriate areas from visual
deprivation in humans, as shown by
functional magnetic resonance
imaging (fMRI) [5].
A second result from the Mitchell
et al. [2] paper is that global motion
sensitivity is affected by deprivation
early in life. In the cat, this means that
neither binocular deprivation nor dark
rearing has much effect after six weeks
of age. Thus, the critical period ends
sooner than the critical period for
changing binocular connections. This
had been shown before for simple
direction sensitivity in primary visual
cortex [6]. Recently, Li and colleagues
[7,8] have also demonstrated that
direction sensitivity develops earlier
than orientation sensitivity in the
ferret primary visual cortex, using
optical imaging techniques, and is
affected by visual deprivation at an
early age, with an early critical
period. Moreover, Ellemberg et al. [3]
also point out that acuity can be
reversed after motion sensitivity is
set in patients with cataracts. Thus,
the evidence is good that motion and
direction sensitivity develop earlier
than any other aspect of vision so far
measured.
This leaves us with a question,
however: if simple motion sensitivity
and global motion sensitivity both
develop early, and have early critical
periods, how can the cats studied by
Mitchell et al. [2] distinguish gratings
moving in opposite directions near
each other, and not the coherence of
patterns of dots moving in the same
direction? This clearly needs
experiments with similar stimuli
comparing responses in primary
visual cortex with responses in
motion areas, using single unitrecordings or optical imaging
techniques in the same species.
This may be difficult: the motion
areas are best defined in the macaque,
which is an expensive and difficult
animal to use, and they are not so
well defined in the cat, and not
defined at all in the ferret. Maybe
other tests of motion sensitivity will
also need to be studied.
The results also clearly contradict the
suggestion that properties dealt with at
higher levels of the visual system end
earlier than those dealt with at lower
levels of the visual system [1]. This
was based on the finding that the
retina is largely hard wired early in
development, the lateral geniculate
is somewhat plastic, the primary
visual cortex is clearly mutable until
some time before puberty, visual
memory in the temporal lobes
continues until late in adulthood,
and that visual cortex outside primary
areas ought to fall somewhere in
between the last two. There was also
the suggestion that orientation and
direction sensitivity ought to be fixed
in place before stereopsis develops.
It seems to be more complicated
than this. New suggestions would
be welcome, to be sent to Canada,
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Figure 1. The stages of visual processing up
to extrastriate motion areas.
The eyes project to separate layers in the
lateral geniculate, and converge on to binoc-
ular cells in primary visual cortex, where
simple motion sensitivity is also processed.
The binocular signals project to motion areas
in extrastriate cortex (MT and MST) where
global motion sensitivity is processed.
Current Biology Vol 19 No 8
R338which is obviously now the center
for this research.
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Of all the wonderful things animals can
do, the ability of certain species to
judge their location on the planet is
perhaps the most astonishing. A
homing pigeon transported in darkness
200 km in a direction it has never before
been and released far further from the
loft than it had previously ventured,
will typically circle and then set off in
roughly the correct direction [1]. A
migrating bird, captured near the
northern end of its annual journey
south and carried in the hold of a plane
5000 km east, sets off southwest
toward the goal of its migration, rather
than either northwest to its natal area or
west for the capture point [2]. The
accuracy of this navigation is startling:
pigeons fitted with frosted goggles
(which eliminate form vision) return to
within a couple of kilometers of their loft
[3]. How is any of this possible?
Several implausible alternatives
suggest themselves, all with
substantial but mixed empirical
support. (Many others have long since
expired in the face of experimental
reality.) Perhaps the animals measure
local magnetic gradients in their home
area and extrapolate into the unknown
to guess where they are at any given
moment [4,5]. Alternatively, they might
memorize directional, distance-related,
and positional cues during
displacement, and then use these to
reverse navigate [6]. Or it could be that
the release sites exude a beacon-likeafter binocular deprivation. Vision Res. 42,
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ion even when far from home. Evidence
fields. The most consistent olfactory
e think.
olfactory signal back along which the
birds can home [7,8]. As they report in
this issue of Current Biology, Jorge
et al. [9] examined this popular third
model of homing and found that
a simple control causes some of the
formerly most reliable and convincing
tests to fail. These results could spell
deep trouble for the olfactory-map
hypothesis.
If pigeons and long-distance
migrants could agree on a single
strategy and use it unchanged from
birth, themapproblemwouldhavebeen
solved decades ago — particularly if
researchers in their turn had negotiated
a consistent set of rearing and testing
techniques. Instead, there are first-
flight, ‘inexperienced’, and experienced
pigeons. The first-flight birds are raised
as prisoners in their lofts while the other
pigeons enjoy semi-natural exploratory
opportunities, differing only in whether
or not they have yet had to navigate
home. If, for instance, birds need to fly
about a bit to measure local gradients,
rearing them in strict confinement
would make that impossible. If
route-based information is important,
an inexperienced bird may need to
process the data differently than
a pigeon with some real-world
calibration; comparisons that ignore
homing experience could be an endless
source of confusion.
In fact, first-flight birds are
notoriously poor at orienting upon
release, and often fail to return home
from any serious distance. (The birds’ferret visual cortex requires early visual
experience. Nat. Neurosci. 9, 676–681.
8. Li, Y., Van Hooser, S.D., Mazurek, M.,
White, L.E., and Fitzpatrick, D. (2008).
Experience with moving visual stimuli drives
the early development of cortical direction
selectivity. Nature 456, 952–956.
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DOI: 10.1016/j.cub.2009.02.048shortcomings have variously been
explained as a result of low motivation,
ignorance, or poor physical condition
[10].) Inexperienced birds — pigeons
with local flight experience but no
distant-release trials — are quite
sensitive to sensory disruptions during
the outward transport. Apparently,
route-based information is an
important component of their initial
orientation. Experienced birds, on the
other hand, having survived returns
from shorter distances in other
directions, are far less bothered by
manipulations on theway to the release
site. They seem to have learned
something more about the world at
large, and can infer location just from
cues at the site itself [11].
All researchers agree that
transported animals judge location and
determine direction independently —
the so-called map-and-compass
model. They agree too that birds have
multiple compasses, including the sun,
polarized light, magnetic fields, and
star patterns. The issue is the map —
how they know where they are relative
to home. Once they work that out, they
use the most appropriate compass
available under the circumstances to
find the correct heading to fly.
The beacon-based olfactory
hypothesis grew out of observations
of first-flight pigeons reared in
so-called ‘palisade’ lofts — ones
surrounded by a solid opaque or
transparent structure of some sort.
Blocking a direct view of the sky from
the ground to at least 3 above the
horizon greatly reduces the already
poor orientation of first-flight birds;
blocking the sky down to 3 above the
horizon has less effect [12,13]. One
interpretation is that the solid
obstruction disrupts the smooth flow
of air, and thus prevents the birds from
learning with any accuracy the
